Background As new Patient-Reported Outcomes Measurement Information System (PROMIS) instruments are incorporated into clinical practice, determining how large a change on these instruments represents a clinically relevant difference is important; the metric that describes this is the minimum clinically important difference (MCID). Prior research on MCIDs of the Neck Disability Index (NDI) and Oswestry Disability Index (ODI) has produced values ranging from 5 to 10 points, but these measures have not been presented in relation to MCID values of PROMIS instruments. Questions/purposes To establish a comprehensive repository of MCID values calculated both with distributionbased and anchor-based methods for four outcomes instruments in spine care, we asked: (1) What are the MCIDs of the PROMIS Physical Function (PF); (2) the PROMIS Pain Interference (PI); (3) the NDI; and (4) the ODI among spine patients? Methods We conducted a prospective study of previously tested diagnostic measures on 1945 consecutive patients with a reference standard applied. All patients aged 18 years and older visiting an orthopaedic spine clinic between October 2013 and January 2017 completed the PROMIS PF and PI, NDI, and ODI on tablet computers before their clinic visits. Patients were grouped by change level (self-report of meaningful change versus slight or no change) using an anchor question in comparison to baseline. Descriptive statistics, two anchor-based MCID values (mean change and receiver operating characteristic curve), and five distribution-based values (SD at 1/2 and 1/3 values and minimum detectable change [MDC] at 90%, 95%, and 99%) were analyzed four different times between 3 months and > 6 months of followup. A total of 1945 included patients with a wide range of spine conditions and varying treatments had a mean age of 58 years (SD = 15.5), were 51% (988 of 1945) male, 90% (1754 of 1945) selfidentified as white, and 5% (94 of 1945) as Hispanic with 1% to 2% of patients refusing participation. Results The PROMIS PF mean change scores in the changed group (much worse, worse, improved, or much improved) ranged between 7 and 8 points. MCID values ranged from 3 to 23 points depending on the method of calculation with a median of 8. For the PROMIS PI, mean Copyright Ó 2018 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.
change scores ranged from 8 to 9 points and MCID values from 1 to 24 points with a median of 8. For the NDI, mean change scores ranged from 13 to 18 points and MCID values ranged from 6 to 43 points with a median of 18. For the ODI, mean change ranged from 17 to 19 points and MCID values ranged from 7 to 51 points with a median of 24. For each instrument, distribution-based SD yielded the smallest values, followed by anchor-based methods, with MDC yielding the largest MCID values. Conclusions This study uses a range of methods for determining MCIDs of the PROMIS PF and PI, NDI, and ODI from anchor-based to distribution-based methods. MCIDs do not have a static value for a given outcome measure, but have a range of values and are dependent on the method calculated. The lowest MCIDs identified for the NDI and ODI are consistent with prior studies, but those at the upper range are much higher. Anchorbased methods are thought to be most relevant in the clinical setting and are more easily understood by clinicians, whereas the distribution-based MCIDs are useful in understanding population breadth. Lower MCID values may be most appropriate for screening purposes or low-risk effects, and the median or higher MCID values should be used for high-risk effects or outcomes. Level of Evidence Level I, diagnostic study.
Introduction
The wave of value-based health care has brought new emphasis on the importance of patient perspectives in care, particularly that treatments provide meaningful changes or improvements as seen from the patient's point of view [40] . The National Institutes of Health has sponsored the Patient-Reported Outcomes Measurement Information System (PROMIS) to promote the large-scale development and standardization of patient-reported outcome (PRO) instruments that capture the patient perspective. The PROMIS Physical Function (PF) and Pain Interference (PI) instruments are increasingly used in orthopaedic practice as a result of their relevance and ease of use [7, 12] . As new testing instruments are incorporated into spine care, it is important to understand the value of the newer instruments compared with the previous gold standard measures.
The value of new instruments versus time-tested measures is dependent on whether they offer psychometric improvements, ease of use, and reduced respondent burden. It is also important that the new instruments are clinically relevant, and this means that they must detect changes in the patient's condition. If a measure detects change over time (responsiveness), it is then possible to determine which score values reflect meaningful change, which is a clinically important indicator. The minimum clinically important difference (MCID) is a measure of the smallest amount of change (as measured by the instrument) that is meaningful from the patient's perspective [22] or changes resulting from clinical intervention [8] .
Meaningful change is a critical benchmark of treatment effectiveness and investigative interpretations of treatment outcomes [48] . There are two primary methods for determining an instrument's MCID. Distribution-based methods use statistical calculations based on the variability in scores across the population to calculate the smallest amount of change that can be considered true change or beyond random fluctuation [34] . A second approach is to anchor the change in patient scores to some other measure of the patient's change in condition, referred to as an anchor-based method. An anchor might be the patient's response to a query such as: "Compared with your first visit, how would you describe your physical function now?" The anchor-based method calculates what is beyond chance or random fluctuations by comparing the patient change in scores with the anchor from that same patient, whereas distribution methods focus on how much scores vary between patients [34, 48] .
Rationale
Determining the MCID of an instrument requires repeated measures over time because there must be documented change from some initial point before assessing the importance of the change. It takes time to collect this information, particularly as the new PROMIS instruments have been introduced into clinical care. MCID value determination for the PROMIS PF has only recently begun in a few specific patient populations, including pediatrics [46] , cancer [49] , and multiple sclerosis [2] , but no previous determination of MCID values for the PROMIS PF have been published in spinal populations. The PROMIS PI has been evaluated in a low back pain population and yielded a MCID of 3.5 to 5.5 points [1] .
It is useful to consider meaningful scores of newer instruments alongside instruments in longer term use. The Oswestry Disability Index (ODI) and the Neck Disability Index (NDI) are two long-used instruments in orthopaedic spine clinics [19, 33] . The ODI has shown good-to-fair psychometric properties when validated both with classic test theory [10, 32, 42] and with the modern item response theory approach [4] . Studies on the MCID values for the ODI have yielded values ranging from a 6-to 10-point change [13, 17, 32] . The NDI is the most widely used PRO instrument for neck disorders and has shown reasonable test-retest reliability, but its overall psychometric properties are questionable [18, 31, 50] . The MCID for the NDI ranges from 5 to 10 points but has generally been regarded as inconsistent across studies [31] . Research shows that the PROMIS PF and PI have moderate-tostrong correlations with the NDI and ODI in a spinal population [37] . Additionally, the PROMIS instruments have been shown to outperform the ODI in spine patients [5] .
Study Questions
The purpose of the present study was to establish a comprehensive repository of MCID values calculated using both distribution-based and anchor-based methods for four outcomes instruments in spine care. We asked: (1) What are the MCIDs of the PROMIS PF among spine patients? (2) What are the MCIDs of the PROMIS PI among spine patients? (3) What are the MCIDs of the NDI among spine patients? (4) What are the MCIDs of the ODI among spine patients?
Patients and Methods

Study Design and Setting
We conducted a prospective study of previously tested diagnostic measures on 1945 consecutive patients with a reference standard applied. Before their visit with a spine specialist at a university orthopaedic clinic, patients completed demographic, PF, and PI questionnaires on handheld tablets as part of the standard and routine clinic care protocol. All patients aged 18 years and older seen consecutively at the clinic by spine specialists between October 2013 and January 2017 who had at least one followup visit with a questionnaire were included in the analysis. No other exclusions were applied. Clinic-wide approximately 1% to 2% of patients refuse to complete survey questions as part of their standard clinic care. MCID determination is a guide for meaningful score interpretation; thus, it is helpful to determine MCIDs on as generalizable a patient population as possible. The MCID determination is not meant to be treatmentspecific [23] , and evidence does not suggest that MCID scores are dependent on the length of time since treatment or the severity of the patient's condition [23, 35, 45] . Thus, patients with a wide range of spine conditions and multiple treatment types including vertebral process/body fractures and removal procedures on the musculoskeletal system were included in the patient sample.
The institutional review board of the University of Utah approved the study protocol.
Variables, Outcome Measures, Data Sources, and Bias
Patients were administered the PROMIS PF version 1.2, the PROMIS PI version 1.1, the NDI, and the ODI. The PROMIS PF version 1.2 draws from a 121-item test bank containing lower extremity and upper extremity items. The PROMIS PI version 1.1 has a 40-item bank. A computerized adaptive test (CAT) was used to administer the PROMIS PF and PI. The CAT is administered through a web-based portal known as the Assessment Center, which was established by PROMIS developers [15] ; patients access it remotely with handheld tablets. By structuring question selection from the item bank that adjusts based on prior patient answers, CAT test administrations minimize patient burden. For example, patients would not be asked, "Are you able to push open a heavy door?" if they had previously answered "unable to do" to a task requiring less strength or stamina. Lower scores on the PROMIS PF demonstrate lower patient functioning, whereas smaller scores on the PROMS PI indicate patients experiencing lower pain and interference. Both instrument scores are standardized T-scores with a mean of 50 and SD of 10 and are calibrated in the general population [21] .
Both the NDI and ODI contain 10 items that are related to the neck and low back and were administered depending on the location of the patient's chief complaint. Patients were administered all items on the NDI and ODI. Scores on the NDI and ODI range from 0 to 100 with lower scores representing higher functioning levels and minimal disability. All four instruments were administered at baseline (ie, either within 7 days before the clinic visit for a new spinal condition or on the day of the first clinic visit) and at each followup, regardless of timing.
Anchor questions included in the MCID estimation for PF were based on the following question: "Compared with your FIRST EVALUATION at the xxx, how would you describe your physical function now? (much worse, worse, slightly worse, no change, slightly improved, improved, much improved)." For pain interference, the anchor question was based on the following question: "Compared with your FIRST EVALUATION at the xxx, how would you describe your episodes of PAIN now?" Meaningful level of change is inferred based on change related to patient perceptions as a self-report anchor [22] .
Statistical Analysis
The MCID determinations were based on groupings of patient followup testing categorized into four different and overlapping periods: (1) 3-month followup (ie, 80-100 days after the initial assessment); (2) > 3-month followup (ie, 90 days or more after the initial assessment); (3) 6-month followup (ie, 170-190 days after the initial assessment); and (4) > 6-month followup (ie, 180 days or more after the initial assessment) as common followup points in orthopaedic practices [6, 9, 16, 21, 25, 28-30, 36, 43, 47] . Each point may have included different patients from the sample and data from the same patient may have been included in the analysis multiple times based on when patients were seen again in the clinic after their baseline appointments.
We used descriptive statistics to examine sample characteristics and demographics. We measured PF and PI at four different followup periods and individually compared them with the baseline scores of the PROMIS PF, PROMIS PI, NDI, and ODI. Mean change was calculated as the absolute value difference between the baseline score and the 3-month followup score, the > 3-month followup score, the 6-month followup score, and the > 6-month followup scores for all four PRO instruments.
Statistical analyses involving anchor-based methods included mean change scores and receiver operating characteristic (ROC) curves and values. Methods commonly used to distinguish change from no change were used for inclusion criteria in the anchor-based analysis for patients only experiencing change (much worse, worse, improved, much improved) [11, 38] . By combining improved and deteriorated conditions, we drew a distinction between those with stable versus changing conditions using the symmetry of absolute value change scores [24] . The ROC area under the curve was used to identify the discriminative ability of a scale or instrument. The ROC cutoff was based on Youden's J value and identified as the maximized sensitivity plus specificity, calculated as (sensitivity + specificity) -1 [24] . The specificity calculation included patients correctly identified as having no meaningful change divided by all patients with no meaningful change. The number of patients correctly identified as changed divided by all patients with meaningful change was included in the sensitivity calculation.
In addition, we used three different distribution-based methods based on the patient's followup score to determine MCID. The first two methods calculated 1/2 SD and 1/3 SD of scores. The third distribution-based method included calculating the minimum detectable change (MDC) at 90%, 95%, and 99%, where the 90% values are less precise and yield a smaller MDC and the 99% values have the greatest precision and a higher MDC. MDC is a calculation of change that falls outside the measurement error of an instrument, distinct from the broad construct of MCID as meaningful change, which can be calculated by multiple methods [27] 
Results
What Are the MCIDs of the PROMIS PF Among Spine Patients?
The anchor-based MCID of mean change scores on the PROMIS PF ranged from 7 (SD = 5) to 8 (SD = 8) across the time points for those experiencing meaningful change. Using the ROC cutoff, the MCID for the PROMIS PF ranged from 4 to 10 points across the four followup periods (see Table 2 for anchor-based MCID values). SD distribution-based MCID calculations for the PROMIS PF yielded a range of 3 points (1/3 SD at 3-month followup) to 5 points (1/2 SD at 6-month followup). The MDC ranged from 12 points (MDC @90% at 3-month followup) to 23 points (MDC @99% at 6-month followup) (see Table 3 for distribution-based MCID values).
What Are the MCIDs of the PROMIS PI Among Spine Patients?
For the PROMIS PI, the anchor-based MCID of mean change ranged from 8 (SD = 8) to 9 points (SD = 7) in the changed group across the time points. The ROC MCIDs for the PROMIS PI ranged from 1 to 7 across followup periods. The distribution-based SD MCIDs for the PROMIS PI ranged from 3 points (1/3 SD at 6 months followup) to 4 points (1/2 SD at > 3 months followup). The MDC scores ranged from 14 (MDC @90% at > 6 months followup) to 24 (MDC @99% at 6 months).
What Are the MCIDs of the NDI Among Spine Patients?
For the NDI, the MCID of mean change ranged from 13 (SD = 11) to 18 (SD = 14). The ROC MCIDs for the NDI ranged from 6 to 22 across time points. The SD MCIDs ranged from 6 points (1/3 SD at 3 months followup) to 10 points (1/2 SD at > 3 months followup). MDC values ranged from 23 (MDC @90% at > 3 months) to 43 (MDC @ 99% at 3 months) for the NDI.
What Are the MCIDs of the ODI Among Spine Patients?
For the ODI, MCID of mean change ranged from 17 (SD = 13) to 19 (SD = 14) points for the changed group. The ROC MCIDs ranged from 18 to 29 for the ODI. The SD MCIDs ranged from 7 points (1/3 SD at 3 months followup) to 10 points (1/2 SD at 6 months followup). The MDC values ranged from 30 (MDC @90% at 3 months) to 51 (MDC @99% at 6 months followup) (see Fig. 1 for a summary of all anchorbased and distribution-based MCID values for each measure).
Discussion
Patient-reported outcomes score interpretation is important, particularly because PROs are linked to healthcare expenditures and patient satisfaction [20] . Understanding not only the treatment-related changes in PRO scores, but how the score changes specifically relate to the patients' experiences is vital. The MCID provides this context for the clinical value of the score change noted after treatment and for a given PRO measure provides the minimum score change where a patient has noted a substantial clinical change. Values for MCIDs can vary, depending on how they were calculated, and should be thought of as a range rather than a static number for a given measure. Generally, for low-risk treatment effects, a lower MCID value within the given range may be adequate, whereas the study of high-risk effects may warrant a more stringent MCID value. The current study identifies the range of MCIDs, using a variety of calculation methods, for four PROs: the PROMIS PF and PI, the NDI, and the ODI, all now commonly used in the care of patients with spinal disorders. Clinical research on the MCID of PROMIS PF and PI has only recently begun [2, 46, 49] and to our knowledge has not been evaluated in a spine population. Prior research has determined the MCIDs of the ODI and NDI in a spine population [13, 17, 31, 32] , but these have not been evaluated with comprehensive analysis methods and have not been presented in relation to MCID values of PROMIS instruments. By providing a wide range of methods and cutoff points for determining the MCID of these four instruments, this study offers clinicians a range of interpretive options. A range of MCIDs is important from a methodological standpoint [41] as well as for clinical use, because different clinical presentations warrant either more or less stringent change criteria.
This study of a spine patient population determined 28 MCID values for each instrument. Currently there is no agreed-on method for determining MCID despite more than three decades of investigation [8, 14] . This comprehensive analytic approach allows for true triangulation of results rather than producing a single unstable MCID value [48] as is often seen in other research that uses just one approach to estimate MCID values. MCID values ranged from 2 to 23 points for the PROMIS PF, 3 to 24 points for the PROMIS PI, 6 to 43 points for the NDI, and 7 to 47 points on the ODI across the four time points. The 6-point smallest end of the MCID range for the NDI and ODI is consistent with prior research that demonstrated MCID values ranging from 5 to 10 points [13, 17, 31, 32] . The large scores at the upper end of the range likely reflect the stricter cutoff points applied with the MDC @95-99% , a level of precision not analyzed in the studies cited. However, even the less strict cutoff of MDC @90% produced MCID values for the ODI over 23 points, much higher than 8-to 11-point MCID values identified in prior research [32] . Similarly, the smallest MCID values determined here for the PROMIS PI (6 points) are similar to the 3.5-to 5.5-point published MCID values in patients with low back pain [1] , yet the more precise MCID values for the PROMIS PI, which ranged up to 24 points, are much higher, reflecting the precision of the method.
There are several potential reasons for the larger MCID values identified in this study. The specific methods for calculating the MDC value (one of the MCID determination methods) can vary with the SEM taken either from the entire patient population or only the unchanged group [39] . Additionally, the measurement properties of instruments can be influenced by several sources of variability such as sample characteristics and methods of administration [26] . For the ODI, MDC @90 values ranging from 8 to 11 points were identified in a spinal surgery referral patient population [32] . Other published research did not use longitudinal test-retest data, but rather used the reliability coefficients from prior studies to calculate the MDC estimates producing a narrow range of scores [17] . It is also important to note that the greatest differences in MCID values were the result of the different methods applied. In our analysis, the distribution-based SD method Volume 476, Number 10 MCIDs for PROMIS PF, PI, NDI, and ODI 2033 yielded the smallest values for each instrument followed by both anchor-based methods (mean change and ROC) with MDCs yielding the largest MCID values across the board. Oftentimes, MCID is reported as if there is no error and no variation in measurement precision, which is incorrect. MCID perceived as a single value is a position that cannot be supported by the current evidence and lack of measurement consensus. The specific anchor question applied or the level of precision used had effects on the estimated MCIDs in these analyses. Within any one method, the values obtained at the different time points were quite similar. Thus, it is important to reduce methodological bias by using comprehensive multiple methods as was done in the current study. Future research should continue to investigate the application of MCIDs determined by both anchor-based and distribution-based methods to evaluate the suitability of the ranges to clinical treatments and outcomes as well as establishing best practices for determining MCID values.
The PROMIS instruments also showed a wide range of MCID values depending on the method applied. For the PROMIS PF, the range varied almost sevenfold, from < 3 points to > 20 points. Similarly, the PROMIS PI MCID values in this population had a wide range from < 1 point to > 23 points. This finding is consistent with prior research, which shows a lack of agreement between MCID values calculated with differing methods [3] . This wide range of MCID values supports calls to standardize MCID analysis and determine best practices and agreement in MCID methods [45] . We believe anchor-based methods are most useful for practical applications. Methodologically, the distribution-based MCIDs are useful in revealing the precision necessary to make sense of outcomes and are particularly relevant in research and development.
Our study had several limitations. We did not have a sufficiently large sample size to allow stratifying by condition. Data collection for MCID analysis requires repeated measures from the same subjects, and time is needed to develop a pool of sufficient size to look at outcomes within specific diagnostic groupings. This study, along with study at 1-year followup, will be conducted as the data are available. In addition, factors related to the nature of medical care would suggest that patients seeking followup may have needs and conditions that differ in severity or type from the full population of orthopaedic patients. There is some research that indicates that condition impacts the MCID of instruments with as much as a 10-point MCID score difference in patients undergoing hand surgery taking the Quick Disabilities of the Arm, Shoulder and Hand [44] . However, other research suggests MCID determination is not overly dependent on disease severity [35, 45] . Whether or not the clinic-wide sample characteristics impacted MCID findings will be evaluated in planned future studies.
The analysis of change was based on the response to an anchor question, a global rating of change, as the foundation for grouping participants into change and no change categories. This type of question relies on retrospective recall and can be subject to recall bias. Recall bias may be more of an issue as followup periods extend out longer, and the MCIDs presented here should be interpreted relative to those sample characteristics. Although this is a limitation of anchor-based approaches [8] , distribution-based methods are limited by the variance of the data in determining MCID values, potentially making the interpretation of scores difficult. Thus, including both anchor-and distribution-based methods provides a comprehensive picture of the potential MCID range [41] . A final limitation is related to the patient characteristics in the sample, which may not be representative of the US population demographics and should not be generalized beyond the sample characteristics. However, the sensitivity of these measures in detecting meaningful change drawn from this spine orthopaedic sample, including the range of MCID values presented, is likely characteristic of similar heterogeneity in other orthopaedic clinic patient populations and can be generalizable to similar practices.
This research establishes the MCIDs of the PROMIS PF, PROMIS PI, ODI, and NDI in a population of patients with spinal disorders and compares those values using multiple anchor-and distribution-based methods. The MCID values varied widely for all four instruments, depending on the methods applied. We recommend that the most appropriate MCID range be selected based on patient treatment and outcome goals. The low end of the range may be relevant for screening purposes or for low-risk determinations of effect such as referral to physical therapy. However, the median of the MCID range may be a more relevant cutoff for determining higher risk effects such as recommendation for a return to strenuous labor after back surgery or making conclusions about effects of a new treatment being researched. The median MCID values of 8 for the PROMIS PF and PI, 18 for the NDI, and 24 for the ODI may have the necessary precision for research and high-risk decision-making, whereas the smaller SD and anchor-based MCID values may be useful in practical applications advising patients on expected change levels. These results stress the importance of applying value judgment and considering outcome goals in using MCIDs to guide treatment decisions.
